have identified a novel MTB strain WYHR-1 from a freshwater lake using a coupled 47 fluorescence and scanning electron microscopy approach at the single-cell scale. As shown in Fig. 1 , we separated magnetically diverse MTB from the Weiyang Lake 137 sediments. They are morphologically comparable to those reported earlier (36); optical 138 and TEM observations reveal that they are dominated by rod-shaped bacteria (Fig. 1a-c ),
. We combined fluorescence and electron microscopy at observations of the probe-hybridized cells (29) along with spirilla and cocci ( Fig. 1d-g ). The rod-shaped MTB generally form only 140 bullet-shaped magnetosomes in each cell (Fig. 1b) , or both bullet-shaped and rectangular 141 magnetosomes in the same cell (Fig. 1c) . The spirilla and cocci produce octahedral or 142 prismatic magnetosomes ( Fig. 1d-g ). We focused here on one rod-shaped MTB with a 143 bean-like cell morphology because it has larger cells and produces longer bullet-shaped 144 magnetosomes than other MTB discovered in Weiyang Lake (Fig. 1a) .
145
The bean-shaped bacteria could be hybridized by both 5'-Cy3-labeled WYHR656 (a 146 species-specific probe for uncultured Deltaproteobacterium OTU5 16S rRNA genes) and 147 5'-FAM-labeled EUB338 (a universal bacterial probe) (Fig. 2a-c) . Coupled SEM 148 observations demonstrate that they contain bullet-shaped magnetosomes (Fig. 2d-g ). In (Fig. 2c, d , h-j). This demonstrates that the OTU5 16S rRNA gene 152 sequences originate from the bean-shaped MTB, named tentatively here as WYHR-1.
153
To decipher the phylogenetic position of WYHR-1, a phylogenetic tree was 154 constructed with the MEGA software package (version 7.0) using the maximum-8 likelihood method (37). Bootstrap values were calculated with 1, 000 replicates. As 156 expected from the gene probe, the identified WYHR-1 strain affiliates with the 157 Deltaproteobacteria class of the Proteobacteria phylum (Fig. 3) . However, it shares a 158 relatively low sequence identity of 16S rRNA genes to all known magnetotactic 159 Deltaproteobacteria, i.e., it has only a 89% sequence identity to Candidatus (Figs. 4a, 5a, b) .
172
WYHR-1 cells also contain a few to dozens of irregularly-shaped and variably sized 173 intracellular granules that range from a few to several hundreds of nanometers (Figs. 4, 5) . Mg-polyphosphate inclusions (Fig. 4) . (Fig. 5c) . The crystal length of MYHR-1 magnetosomes ranges from a few nm to ~180 182 nm, with ~1% of particles having lengths of ~280 nm (n = 523) (Fig. 5c, d) , so that 183 crystal length has a positively skewed distribution with mean of 88.6 ± 39.3 nm (Fig. 5d) .
184
In contrast, crystal widths are less than ~45 nm, and mostly range from ~20 to ~40 nm, 
265
MTB collection and sample preparation were performed using the methods described 266 in reference (29) . Briefly, ~200 ml of slurry from the microcosms was deposited in a 267 modified magnetic separation apparatus and exposed to a strong local magnetic field for 
